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Our Goal and Charge

* Our Goal: Develop a mission concept and technology

development requirements for the first scientific robotic
exploration mission to an exoplanet
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Status as of Aug 2017

. - 0e | i ® AR o
» Study effort kicked off on'April 13
» 8 of 10 planned:topic areas covered so far (full list next page)
* Poweris next on Sept. 7
« NEW: Technical Interchange meeting with Breakthrough Starshot on Sept. 7

. * Multi-center team established, including academia and independent
Institutions
« JPL, ARC, GRC, MSFC, Glenn, APL, Boston U., Wesleyan, SETI, 3 consultants
» Great support from 7x, including John Callas, Eric Mamajek, Phil Willems
« Full team list in backup

« Paper on our findings has been accepted to the Tennessee Valley
Interstellar Workshop (Oct. 2018)

* Rep. Culberson plans to attend

=
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Topics Covered

Session Topic

1 Kickoff

2 Mission Objectives

3 Science Objectives

4 Target Selection and Expected Apriori Target Knowledge
S Interstellar and Exoplanet Environment
6 Instrumentation

/ Communication

8 Propulsion

9 Power

10 Navigation

11 Operations/ Autonomy

12

Wrap-Up
v - L Ye Y, Y 50 e
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= Key Mission Concept Requirements - IntrQ, "

Driving Question: What makes thrs mrssron compellrng (in terms
of science return) with respect to What we will be able todoina
few decades with'near-Earth Iarge telescopes enormous space-
based mterferometers andv’or zymssronto the Selar Gravrty Lens?

ik n : %}A

.
-

In short what ean thrs mrssgen er.ng to the taglg t;hat the others
can’t?. - Av s VO S :
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Key Mission Concept Requirements - 1

1. The flight time to the target must be < 50 years pendlng conflrmatlon of a
smtable target , e ol o R

. Rationale: The mission must be polltlcally and humanly palatable o
o . » ( ’ .
2. There shall be meanlngful scrence"atq?n at Ieast ev'sr)decade en route to
the'exoplanet. .« - o B .

*- Rationale: There srroutd be’ amt sren c?nducted durlng tli’fj-i'ght to the exoplanet to
keep the SC|ence congm'unrty engaged L A

: 3 .‘.o’ '. . .‘\

3 The prlmary Ob]eCtIV'e. R ‘e"te conflrm and characterlze
life at the exoplanet el Y ‘

. Ratlonale Per NAS . $er how the unrverse Works explore

how it began and ev e on planets. around other stars
| S T2
.:. Pre- Decrs‘lonat Ianrfhatlon For Plannrng and Dlscuseron .
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Key Mission Concept Requirements - 2g !

4. The threshold data shall arrive at Earth W|th1n <7O yrs from launch

- *Rationale: The threshold data must come back wrthm the professNanaI lifetime of
‘'someone born around Iaunch this person can grow up learning about the mission and
be inspired by it, and eventuaIIy Jan the team anel be ready to mterpret the data when it

comes back to Earth N Ot :,‘fq“
| = b 'f j-«

5. The first bit-of exoplanet smence d'ata shall arrlve at,l'r:at"th 5 =10 yrs after

exoplanet arrlval Ay i L R Q-‘ i

5 Earth -

. Ratlonale If the sp ” raftis travell alo iacnon ofthe Speed of light (O 1-
et target must be N 157 fEarth (50 yr travel time and 10 - 20

. Pre- DecSIonat Iﬁerrhatlon For Plannlng and Dlscussrbn
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Key |\/|ISSIOn Concept Requwements

7. Per_the 100th anniversary of Apollo thelaunch date shaII be no Iater.than
. JLﬂy 15, 2069 : ot s ,-.-,;(.“..-., 4 A

. Ratlonale Rep. Cu#be.rson,Wh’e |s g.champ-ﬁ)n of@'n mterstellar m|§%lon propbsed thlsl
et
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Key Mission Concept Assumptions | |
 The exoplanet target has been previously observed and resolved 1000x1000 px|
or to 1 pxl with promising bio-signature lines
« We will have an idea of which instruments to bring and their perforn‘pecifications
« We will have TBD accuracy on the ephemeris ’

* We are not Constralned to today’s technology, but there shall be a reasonable,
the needed technology

rying to stay away from "and a miracle occurs...’

Pre-Decisional Information -- For Planning and Discussion
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Key Finding

* In response to an early driving questi"o'n;

. What makes this mission concepi compe}llng (In terms of science return)
with respect to what we will be able to do in afew decades with near-

‘Earth large telescopes, eno,rmd-lfgsﬁ‘ace -based nQe'jar,ometers and/or a
© mission to the Solar Gravlty Lens Focus?. -

ok NI R N ST
The team determmed fhat my bt We tramtlonally learned
from. reconnalssance nissign; f eaned. from future near-

Earth‘telescopes Q ~. an e S LF,_?Ieavlng onebig:
science goal: i A |
To confir ,ﬂ‘c haracferlze Ilfe
. Pre- Dems‘lonai Iﬁerfnatlon - For Planmng and Discussion
L Purpose'sOnIy ©2017 California Institute of Technology. e - 10
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To Confirm and Characterize Life

* This objective was profound and.drove the stud'y architecture

. BldSlgnatures (as we know them, today) cannot’ confirm I|fe

« Recent paper!” showed how Proxima Centauri Befa, in it’s star’s habitable' zone, could
- have an 02 atmosphere butno pOSS.IbIr“W pf.llfe due to masswe solar wind exposure
' A" \“ !

. The only? method today of c,onfrrmlng life IS.'[O Iand g1 sample

*. This drives the.mission to at Ie tslow‘down “and most p&bably to brake and orbit to

perform landing site, sebectlon a d dEpIt)y.a Lar.lderrwhlch turn Severely limits our
Know propulsmn optrons- AN N

» This'does not preclude pr 1S t,o,exptore the mterstellar medium
(ISIVI) and/ or.validate ke. s (=

’ Exploratlon of the ISNAIS L required, f . . he'exoplanetmlssmnm order to better
"« characterize the ISM@nvirt ' Pﬁqeéjgn

1SchW|erteman et al., Ident|fy|ng’aP;a etary. postors: Spe
Astrophysical Journal Letters 819:L.18 ] 1 205/ 911/L1~ B~ .
¢« 2Aside ferm Seeing Ilghts’turnmg oﬁ‘nd o?f ma 'Tlcoﬂ'tact o " .
. Pre- DeC|s1ona| lhformatlon For Plannlng and Discussion .
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Intelligent Life?

« A Solar Gravity Lens mission with.-10 km |mag|ng resolution could plausibly detect
artrflcral illumination, if present. .

. However the exoplanet may be a WorId where there IS not yet advanced
intelligent life to produce, eIectrlc.Irght )

* .Intelligent life capable of producrngtlght O%nomgnals structure.s g,'only recently appeared

. on the Earth and so there is a low chance u‘tdlng life in that @t

* Those technologles have only exrsted on’Earth for'about 100 yea[" So for the Earth,
advanced4ntel|rgent~llfe has, onty-bben de‘tec:table ona Wortd Wa measurable bio-signature - *
for 1 part In 5 mrllron (%+2x10- 7) AL S :

. Thus as a proxy for: other W\ » : '-'T.'\ S °Very small Ilkellhood of finding
advanCed life;, ahd th ) [SLE yv. smaill er of candtdate exo- Worlds available -

Wlthln 15 LY.

e AIthough photosynthe |
free O2 in the Earth’s atﬁfds ‘n‘e &1 potentlal blo S|gnature) has been present for

8 . . Pre- Decrs10na| Information -- For Planning and Discussion
IeSS than 1 BY . Purposes Only © 2017 California Institute of Technology. ' 12

Government sponsorship acknowledaed.



Target Selection - 1

- With over 3000 candidates to select from today, and thousands more
in thé future, selectlon criteria for choosn‘Tg ‘the target onplanet will-be

important A

. \ : 2N '-:. v
. These Crlterla will evotve wlth ourﬁﬁderstandmg‘ézrﬂfe and habltablllty
. o 3 ; u } " .
. The exoplanet cha'ractenzatle 2 Ie'

,.,4..

"0' : : ’
rEec o meet the crlterla the

o

A
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Target Seleotion - 2

» Given our knowledge today the foIIovvlng target seIectlon
criteria were suggested

. Exoplanets that are in thelr sun’ s-ﬁa&fable"z'one :

* Exoplanets with. masses >.Mars mass (rocky pIanets%t,h_a decent chance for
.an atmosphere) S Tl e ’:Z*; o
. Exoplanets that experlence |‘ouh'l 3 e soiar radlatlon as our Earth

| | p et plus at Iea,st 1 pixel |mage of
L e

! ge) b )

f

. The current age andiexp
have had a chan € (

.‘ » - t‘\. . . “
. Pre-Decisional lhformatlon For Planmng and Dlscussmn .
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Science Objectlves

» Ultimate objectives will be determlned by Decadal Survey and NASA
‘Working Groups o A ._’}, . Py

\a ,-‘ . - ’
: . ‘e -~ -
. . o. ‘ . '
" S
. ﬂ D‘emﬁon&i Lﬂf allon Fo[ Plannlng and Discussion .
'3 Purp0$e'50nly © 17 California Institute of Technology. > T g = 15
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Instrumentation

- First.3 categories can be achieved wrth mostly the same |nstrumentat|on (similar
« ,to Voyager, with infermed measurement requlrements) ™

.‘ l .
. . .

» Science objectlves mvolvmg the. solar system of the target star,are numerous and
“involve the typical basic reconnarssa'lf g[!;haracterlzatloq gyja,ctlves that missions

In'the solar system.have had . -

. Composrtron and mapprng atmosm(aeres "mopns

rrngs dust %tenolds/ comets, refinements
of size ana mass spin, rates etc :

’ .
‘ o' ..

L0 -. N
. SC|ence objectlves mvolvr et\ean mclude‘ many of the basic
categories listed above S ry -
« -An orbiting mlssron cany and oceans
« A key mission requu:e 1€ a:actenze life, WhiCh requwes to be developed
life detection experr .

. Pre- Decrs10na| Iananatlon For Plannrng and Dlscussmn .
: Purpose's Only © 2017 California Institute of Technology. " 16
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Flight Time

Key Trades

Development
Risk

Payload
Mass

Pros

Cons

Comments

Mission design

Fast flyby
Braking at target

Possibly <100y
>100y

lower
high

Minimum AV requirement
Adequate encounter time

Encounter time is too short
Twice the AV of flyby

Propulsion

NEP

Beamed energy sail
Fission pulse
Beamed power EP
Fusion pulse
Bussard ramjet
Antimatter rocket

~1,000y
Possibly 50y
Possibly 200y
>500y
Possibly 50y
Possibly 25y
Possibly 25y

lower

lower

high

high
very high
extreme
extreme

large

very small
large
large
large
large
large

Might fit on a single SLS

Might fit on a single SLS

Minimal propellant required

May require vast infrastructure
May require vast infrastructure
No credible concepts

No credible concepts for storing
antimatter or directing thrust

Requires very high Isp

Ref. Starshot
Ref. Dyson Orion proj.

Ref. BIS Daedelus

Telecom

Optical com
Large aperture p-wave

lower
moderate

Might integrate with a sail

Difficult to maintain shape

Power

Radioisotope
Fission
Beamed
Antimatter

low
moderate
high
extreme

% s
. Le
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Key Propulsion Trades

Cruise Velocity

ALPHA CENTAURI (4.3 LY -
Kkm/s 40 LIGHT-YEARS

1.0¢c
109 0.3¢c
01c

104

103

Trip Time (Years)

. Pre-Decisional Information - For Planning and Discussion
. Purposes Only © 2017 California Institute of Technology.
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Propulsion
Capability

Beamed Energy,
Fusion Ramjet

R sion (Daedalus)

Fission Fragment

Advanced NEP

Saturn vV
Fission Thermal
(NERVA)

Electromagnetic
Catapult




Mission Concept Archltecture nghllghts 3

- 2-stage light sail for propulsion - -* o
. » Easlest propulsion technology development path
« *Ortly option that doesn’t require massive on-hoard deeT
 Lasers at Earth.can be improved over m|SS|on hfetlme

«2.5-m on- -board Iasercomm system 4 SRR M A
- '100-m receivers in space” _ r&“ B -',é;;_j""f
» Onboard power to'4 kKW for 100-b|ts/sec dgwnllnk o,

+. Autonomous. on- bbarql nav1ga‘f'oPi ‘*.\ ., s N
. Requwed due.to one- way Ilght Ilmes of years .'

+* Proven on Deep Impact © o a R SES % v S L

+ Pu-238-based or Amerciim s ;' AR Wy ‘

“» Fission reactofis an affra 0 'u‘fthe rellablllty IS a concern for a 70 yr mission

. Pre-Decisional Iﬁerfnatlon - For Planning and Discussion .
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Team@ember Discipline Org Email
Stacy@Veinstein-Weiss |Lead JPL Stacy.S.Weinstein-Weiss@jpl.nasa.gov
MarcfRayman Mission@Engineering JPL Marc.D.Rayman@jpl.nasa.gov
Phil@Willems Exoplanets JPL Phillip.A.Willems@jpl.nasa.gov
Les@ohnson Propulsion NASABMSFC |les.johnson@nasa.gov

"~ [Tim@BvicElrath Navigation JPL Timothy.P.Mcelrath@jpl.nasa.gov
Meravi@pher ISMBcience Boston®J mopher@bu.edu
SethRedfield ISMBcience Wesleyan sredfield@wesleyan.edu
Robert@Bhotwell 7XThieflEng JPL robert.f.shotwell@jpl.nasa.gov
Ralph@McNutt Interstellar@Physicist APL Ralph.McNutt@jhuapl.edu
Tupper@yde MissionEng/BystemsBnalysis NASAGGSFC  [tupper.hyde@nasa.gov
John@Brophy Propulsion JPL john.r.brophy@jpl.nasa.gov
LeonAlkalai Strategic@®lanning JPL leon.alkalai@jpl.nasa.gov
Nitin@Arora Mission@esign JPL Nitin.Arora@jpl.nasa.gov
SlavalTuryshev Astrometry JPL turyshev@jpl.nasa.gov
Mike@hao Astrometry JPL michael.shao@jpl.nasa.gov
AbiBiswas Laser@omm JPL Abhijit.Biswas@jpl.nasa.gov
Dave@Voerner Power JPL david.f.woerner@jpl.nasa.gpv
InsooRun Environments JPL Insoo.Jun@jpl.nasa.gov
Hoppy®rice SystemEngineering JPL humphrey.w.price@jpl.nasa.gov
John@kok ResourcefJtilization ARC/BETI john.r.skok@nasa.gov
Ruslan@elikov Exoplanets ARC ruslan.belikov-1@nasa.gov
Dougaldwell Exoplanets ARC/BETI douglas.caldwell@nasa.gov
Jen@lank Astrobiology/@nstrumentation ARC jennifer.g.blank@nasa.gov
CarolBtoker Life@n@ExtremeEnvironments ARC carol.r.stoker@nasa.gov
Eduardo@Bendek Exoplanet@har.@nstrumentation |ARC eduardo.a.bendek@nasa.gov
John[Tallas Exoplanets@ffice JPL John.L.Callas@jpl.nasa.gov
Robert#Frisbee Advanced@ropulsion JPLAret.) frisbeedrbob@aol.com
EricBMamajek EXEP@Deputy@ProgramBcientist JPL Eric.Mamajek@jpl.nasa.gov

Lou®Friedman

MissionBArchitecture

JPLAconsultan{

flouisfriedman@gmail.com

Samuel@Harrison

Student

ISU

samuel.m.harrison@nasa.gov

GaryBennett Powernd@ropulsion Consultant useresg4282@aol.com
Robertataldo Power NASA@lenn |robert.l.cataldo@nasa.eov
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